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The Power of TextureThe Power of Texture
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Texture MappingTexture Mapping

�� Provides realistic appearance to models without Provides realistic appearance to models without 
having to add additional geometric fine detailhaving to add additional geometric fine detail

�� Works by modifyingWorks by modifying
various shading propertiesvarious shading properties
of an object by mappingof an object by mapping
a function (such as a 2Da function (such as a 2D
image) onto the surface.image) onto the surface.
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�� Consider an image as a 2D function Consider an image as a 2D function 
mapping from [0,1]mapping from [0,1]22 (texture coordinates) to (texture coordinates) to 
the RGB color space:the RGB color space:

�� Each object defines a mapping M from Each object defines a mapping M from 
points on the surface to texture coordinates: points on the surface to texture coordinates: 

�� Given a point (x,y,z) on the surface, use the Given a point (x,y,z) on the surface, use the 
color:color:

Classic Image MappingClassic Image Mapping
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Image Mapping ExampleImage Mapping Example

�� Texture Image: Texture Image: �� Result: Result: 



15-462 Graphics I,  CMU,  Fall 2006  (James Kuffner)

Surface Properties that TextureSurface Properties that Texture
Maps can Modify Maps can Modify 

�� Final color (image maps, light maps)Final color (image maps, light maps)

�� Surface normal (bump maps)Surface normal (bump maps)

�� Transparency (opacity maps)Transparency (opacity maps)

�� Reflectance properties (diffuse, Reflectance properties (diffuse, specularspecular maps)maps)

�� Reflected color (environment maps)Reflected color (environment maps)

�� Any combination of the aboveAny combination of the above

We now have vertex and pixel shading We now have vertex and pixel shading 
capabilities in hardware, so complex capabilities in hardware, so complex 
texturing can be performed interactivelytexturing can be performed interactively
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Texture AntiTexture Anti--AliasingAliasing

�� A single screen space pixel might correspond to A single screen space pixel might correspond to 
many pixels in the texture image:many pixels in the texture image:
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Unfiltered Texture:Unfiltered Texture:
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Filtered Texture:Filtered Texture:
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Texture PreTexture Pre--FilteringFiltering

�� ProblemProblem: filtering a texture during rendering : filtering a texture during rendering 
is too slow for interactive performanceis too slow for interactive performance

�� SolutionSolution: pre: pre--filter the texture in advancefilter the texture in advance
–– Summed area tables Summed area tables -- gives the average value gives the average value 

of each axisof each axis--aligned rectangle in texture spacealigned rectangle in texture space

–– MipMip--mapsmaps (tri(tri --linear interpolation) linear interpolation) -- supported supported 
by most of todayby most of today’’ s texture mapping hardwares texture mapping hardware
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�� Store preStore pre--filtered scaled copies (texture filtered scaled copies (texture 
““ levelslevels”” ) of the original source texture) of the original source texture

�� Typically, each level is half the size of the Typically, each level is half the size of the 
previous level previous level 

How much additional memory does this cost?How much additional memory does this cost?

MipMip--mapping mapping (Williams 83)(Williams 83)
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Storing Storing MipMip--mapsmaps

�� Amazingly, only 1/3 Amazingly, only 1/3 
more memory than more memory than 
the original image the original image 
required for required for mipmip--mapmap
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source: nVIDIA

AnisotripicAnisotripic FilteringFiltering
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Textures and ShadingTextures and Shading

�� Texture maps used to modify the object color can be:Texture maps used to modify the object color can be:

�� UNLITUNLIT (sometimes called a (sometimes called a ““ DecalDecal”” or or ““ LabelLabel”” ))
–– Uses the source image color directlyUses the source image color directly

–– No lighting calculationsNo lighting calculations

�� LITLIT (modifies diffuse or (modifies diffuse or specularspecular color in shading)color in shading)
–– Uses lighting and shading model to calculate final colorUses lighting and shading model to calculate final color
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Bump Mapping Bump Mapping ((BlinnBlinn 78)78)

�� Intensity value of a source image is used to modify Intensity value of a source image is used to modify 
the normal direction of the object surfacethe normal direction of the object surface

�� Does not modify surface geometry, but the visual Does not modify surface geometry, but the visual 
result fools us into thinking the surface is not smoothresult fools us into thinking the surface is not smooth
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Bump MappingBump Mapping
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Bump MappingBump Mapping

SOURCE IMAGE:

RESULT ON A SMOOTH SPHERE:
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Parallax MappingParallax Mapping

SOURCE:  Terry Welsh, SOURCE:  Terry Welsh, InfiniscapeInfiniscape, 2004, 2004

traditional bump mappingtraditional bump mapping

basic parallax mapbasic parallax map

parallax map with offset limitingparallax map with offset limiting
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Parallax Mapping ExampleParallax Mapping Example

SOURCE:  Terry Welsh, SOURCE:  Terry Welsh, ” Parallax Mapping with Offset Limiting: A Per-Pixel Approximation of Uneven Surfaces”
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Procedural and Solid TexturesProcedural and Solid Textures
(Gardner 184, Peachey, (Gardner 184, Peachey, PerlinPerlin 1985)1985)

�� ProblemProblem: mapping a 2D image/function onto : mapping a 2D image/function onto 
the surface of a general 3D object is a difficult the surface of a general 3D object is a difficult 
problem:problem:
–– DistortionDistortion

–– DiscontinuitiesDiscontinuities

�� IdeaIdea: use a texture function defined over a 3D : use a texture function defined over a 3D 
domain domain -- the 3D space containing the objectthe 3D space containing the object
–– Texture function can be digitized (stored as a 3D Texture function can be digitized (stored as a 3D 

array of volume data) or generated array of volume data) or generated procedurallyprocedurally
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Ken Ken PerlinPerlin’’ ss famous solid texture marble vase, 1985famous solid texture marble vase, 1985
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Procedural TexturesProcedural Textures

�� AdvantagesAdvantages::
–– compact representation (code vs. data)compact representation (code vs. data)

–– unlimited resolutionunlimited resolution

–– unlimited extentunlimited extent

–– controllable via parameterscontrollable via parameters

�� DisadvantagesDisadvantages::
–– Can be difficult to program and debugCan be difficult to program and debug

–– Can be difficult to predict and controlCan be difficult to predict and control

–– Typically slower to evaluateTypically slower to evaluate

–– Can be difficult to preCan be difficult to pre--filterfilter
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Environment MappingEnvironment Mapping
�� Modify the reflected colorModify the reflected color

�� Use a cube map or spherical image map to Use a cube map or spherical image map to 
associate reflected colors with all directionsassociate reflected colors with all directions
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Environment Mapping OriginsEnvironment Mapping Origins

BlinnBlinn’’ ss original reflection map sourceoriginal reflection map source
(1976)(1976)
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Environment Map TexturesEnvironment Map Textures

CafCaféé Verona, Palo Alto, CaliforniaVerona, Palo Alto, California
image map by Silicon Graphics  (circa 1990)image map by Silicon Graphics  (circa 1990)
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Creating an Environment MapCreating an Environment Map

Gene MillerGene Miller’’ s environment map sources environment map source
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MultiMulti --Textures and Detail TexturesTextures and Detail Textures
�� Blend several textures on the same surfaceBlend several textures on the same surface

�� Supported in hardware Supported in hardware (from 4(from 4--16 textures)16 textures)
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www.uvmapper.comwww.uvmapper.com
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www.uvmapper.comwww.uvmapper.com
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